A Combination of Chitosan, Cellulose, and Seaweed Polysaccharide Inhibits Postoperative Intra-abdominal Adhesion in Rats.
Intra-abdominal adhesion is a common complication after laparotomy. Conventional therapeutic strategies still cannot safely and effectively prevent this disorder. In this study, a combination of chitosan, cellulose, and seaweed polysaccharide (thereafter referred as CCS) was developed to significantly alleviate the formation of postoperative adhesion in rats with abdominal trauma. Transforming growth factor β1 (TGF-β1, an important promoter of fibrosis) and its downstream factors-namely, alpha-smooth muscle actin and plasminogen activator inhibitor-1 (PAI-1)-were effectively suppressed by CCS in vivo, and as a result, the activation of tissue plasminogen activator (tPA, may generate plasmin that is a fibrinolytic factor capable of breaking down fibrin) was significantly promoted, presenting antifibrosis effects of CCS. In addition, the activity of kinases [e.g., transforming growth factor-activated kinase 1 (TAK1), c-Jun N-terminal kinase (JNK)/Stress-activated Protein Kinase (SAPK), and p38] in the mitogen-activated protein kinase (MAPK) inflammation signaling pathway was also significantly suppressed by CCS in vivo, demonstrating anti-inflammatory functions of CCS. The histologic studies further confirmed the role of CCS in the inhibition of fibrosis, collagen deposition, inflammation, and vascular proliferation. These results indicate the clinical potential of CCS in the treatment of postoperative intra-abdominal adhesion. CCS may induce both antifibrosis and anti-inflammatory effects, potentially inhibiting the postoperative intra-abdominal adhesion. For antifibrosis effects, the expression of PAI-1 (a key factor for the adhesion formation) can be regulated by different TGF-β1-associated signaling pathways, such as the Smads/p53 pathway, metalloproteinase/tissue inhibitor of matrix metalloproteinases pathway, Mitogen-activated Extracellular signal-regulated Kinase (MEK)/extracellular regulated protein kinase (ERK) pathway, and Yes-associated protein/transcriptional coactivator with PDZ-binding motif pathway. Following the downregulation of PAI-1 achieved by CCS, the activation of tPA (which may generate plasmin that is a fibrinolytic factor capable of breaking down fibrin) is significantly promoted. For anti-inflammation effects, CCS may suppress the phosphorylation of classic kinases (e.g., TAK1, JNK, and p38) in the MAPK signaling pathway. In addition to the MAPK pathway, inflammatory pathways, such as Nuclear Factor-κ-gene Binding(NF-κB), MEK/ERK, and Ras homologue protein/Rho associated coiled coil forming protein, are associated with the formation of intra-abdominal adhesion. Therefore, the prevention mechanisms of CCS will be further investigated in the future, with a hope of fully understanding of antiadhesion effects.